
. 

R B P O R T  

O N  

T H E  

J 

FUNDAMENTAL STUDIES ON 'IcflE SWlRESIS OF 

HEAT-RESISTANT POL?lMERS 

T O  

CFSTI PRICE(S) $ I 

Hard copy (HC) $@ 
I 

Microfiche (MF) 
NASA GRANT NsG339 

ff 653 July 65 

SEPTEMBER, 1965 

' .N66 1 3 1 6 . 1  . .  
a 

ITHRU) (ACCESSION NUMBER) 

9b / 
I 
P * 7 

d 
r IPAOES) (CODE) 

; c lPLs3t iJ  
(NASA OR OR TMX OR AD NUMBER) 

DEPARTMENT OF CHEMISTRY 

NOTRE DAME, INDIANA 46556 

- 



PROGRESS REPORT NUMBER 7 

ON THE 

F'UNDAMENTAL STUDIES ON THE SYNTHESIS OF 

HEAT-RESISTANT POLYMERS 

THE SYNTHESIS AND EVALUATION OF POLYMERIC SCHIFF 

BASES FROM XYLYLIDENE T E T W Y L  ETHERS 

PERFORMeD 

UNDER 

NASA GRANT NsG339 

BY 

G .  F .  D'ALELIO 

PRINCIPAL INVESTIGATOR 

DEPARTNENT OF CHEMISTRY 

UNIVERSITY OF NOTRE DAME 

NOTRE DAME, INDIANA 46556 

SEPTEMBER 15,  1965 



t 

FOREWORD 

This repor t  is a suannary report  of the  researches performed under 

NASA Grant NsG339 f o r  the  per iod 31 January 1965 t o  15 September 1965 

on the synthes is  of hea t - res i s tan t  polymers. The technical  aspect  of 

t h i s  gran t  is administered by Mr. Bernard Achhamer, Office of Advanced 

Research and Technology, NASA Headquarters, Washington, D.C. 20546. 

The research under t h i s  grant is being conducted i n  the  Depart- 

ment of Chemistry, Universi ty  of Notre Dame,  Notre Dame, Indiana 46556 

under the technical  d i r e c t i o n  of Professor  G. F. D'Alelio, p r inc ipa l  

inves t  iga t or. 

This repor t  covers s tud ie s  performed by G. F. D'Alelio and 

Thomas Ostdick, O.S.B. 

Date September 15, 1965 

G. F. D'Alelio 
P r inc i p a l  fnve s t iga t o r  
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ABSTRACT 

/W&' 
Black polymeric Schi f f  bases ,  which pass  through a f u s i b l e  stage,  have been 

synthesized,  from p-xylylidenetetra-n-butyl e t h e r  and e i t h e r  m- o r  p-phenylene- 

diamine o r  t h e i r  benzylidene de r iva t ives  i n  the  absence o r  presence of benzal-  

a n i l i n e  as a so lvent .  

polymers derived from m-phenylenediamine and i t s  benzylidene de r iva t ive  have 

hea t - r e s i s t ance  p rope r t i e s  a t  least as high as those prepared from the  para  

compounds and are equivalent  t o  Schiff  base polymers prepared by b is -Schi f f  

base exchange reac t ions .  

smoothly than the  para compounds. Since the  cos t  of m-phenylenediamine is  much 

lower than the  p-phenylenediamine, the  use of the  meta diamine is  p re fe r r ed  and 

recommended. When the  condensation of the  reagents  is c a r r i e d  t o  a temperature 

i n  t h e  range of 425°C t o  6OO0C, the hea t - r e s i s t ance  of the  bes t  polymers i s  

550°C i n  a i r  (1022'F), and 675°C (1247°F) i n  ni t rogen.  When the  condensation 

is c a r r i e d  t o  a temperature of 1176"C, the  bes t  polymers show a hea t - r e s i s t ance  

The di f fe rences  between the polymers are s m a l l .  The 

The syntheses from the  meta compounds proceed more 

of 600°C (1112OF) 

a c t i o n  appears t o  

and the r e s u l t i n g  

shiny appearance. 

i n  a i r  and 1176°C (2026°F) i n  ni t rogen.  Some secondary re- 

occur when the  polymers are heated a t  above 600°C i n  n i t rogen  

polymers are not  t yp ica l  chars  but r e t a i n  t h e i r  b r i g h t ,  

/@ 
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I. Introduct ion.  

I n  a previous report , '  a number of r eac t ion  systems f o r  the  synthes is  

of conjugated polymeric Schiff  bases were proposed f o r  f u r t h e r  study. Such 

s t u d i e s  were necessary t o  assist  in the  f i n a l  s e l e c t i o n s  of the  polymeriza- 

t i o n  systems which produce polymers with the  b e s t  p r o p e r t i e s  of hea t  

r e s i s t ance .  

This  r epor t  concerns inves t iga t ions  of the  syn thes i s  and hea t - r e s i s t ance  

p rope r t i e s  of polymers a r i s i n g  from t h e  r eac t ion  of xyly l idene te t ra -n-a lkyl  

e t h e r s  with meta- and para-phenylenediamines and t h e i r  dibenzylidene d e r i -  

va t ives ,  as w e l l  a s  of the  influence of benza lan i l ine  a s  so lvent  and of the  

e f f e c t s  of postheat ing on the  h e a t - r e s i s t a n t  p rope r t i e s  of the  polymers. 

1 E a r l i e r  work had used xyly l idene te t rae thyl  e t h e r  and xy ly l idene te t r a -  

n-butyl e t h e r  a s  t he  aldehyde der iva t ives  i n  the  syntheses  of the  polymeric 

Sch i f f  bases.  I n  the  present  work the  buty l  d e r i v a t i v e  is used exc lus ive ly .  

It appears t o  be an idea l  reagent f o r  these  r eac t ions  because i t  i s  e a s i l y  

prepared and a l s o  because i t s  r e a c t i v i t y ,  which is  lower than t h a t  of t he  

e t h y l  de r iva t ive ,  a l lows a longer r e a c t i o n  t i m e  dur ing the  f u s i b l e  polymer 

stage i n  t h e  polymerization process. 

The polymerization reac t ions  inves t iga t ed  i n  these  s t u d i e s  a r e  given 

by the  following equations: 

It was ind ica ted  i n  a previous report ,  t h a t  m-phenylenediamine and i ts  

1 



dibenzylidene de r iva t ive  appeared t o  be b e t t e r  r e a c t a n t s  than the  analogous 

para cornpounds s ince  the  meta compounds permit ted a longer  f u s i b l e  s t a g e  

during the  polymer syntheses.  For t h i s  reason both the  meta and the  para  

phenylenediamines were evaluated ind iv idua l ly  and a s  mixtures.  Also, t he  

meta and t h e  para dibenzylidenephenylenediamines were reac ted  ind iv idua l ly  

t o  c o n t r a s t  t h e i r  behaviors.  

The polymerization reac t ions  between t h e  acetal and the  f r e e  amines 

weze performed without the  addi t ion of c a t a l y s t s ,  whereas, because of the 

low rate of r eac t ion  between t h e  a c e t a l  and the  dibenzylidenephenylene- 

d ian ines ,  small amounts of z inc  chlor ide were used as the  Lewis a c i d  ca t a -  

l y s t .  The amount of z inc  chlor ide used was a r b i t r a r i l y  chosen on the  b a s i s  

of previous s tudies '  and does not necessa r i ly  represent  the  idea l  quant i ty .  

Benzalani l ine was used i n  a number of t h e  r eac t ions  s tud ied  t o  determine 

whether o r  not  i t  f a c i l i t a t e d  the  formation of black polymers while pro- 

ducing h igher - than- theore t ica l  yields .  

Sone of the  objec t ives  of these s t u d i e s  were t o  produce black polymers 

which pass through a f u s i b l e  s tage from the  reac t ions  inves t iga ted  and t o  

eva lua te  t h e i r  thermal proper t ies  and t o  c o n t r a s t  them with the  thermal 

p rope r t i e s  of the  yellow polymers, even though the  yellow polymers are of 

t h e  i n f u s i b l e ,  br ick-dust  t y p e .  

It was a l s o  necessary i n  these  exploratory s t u d i e s  t o  select a r b i t r a r i l y  

the  r eac t ion  condi t ions  f o r  t he  polymerization. Previous s tud ie s  have 

shown t h a t  t h e  polycondensation reac t ion  involving exchange r eac t ions  i n  

the  synthes is  of polymeric Schiff  bases  i s  f a r  from complete, un le s s  t he  

temperature of condensation exceeds 400OC; i n  f a c t ,  it is not t r u l y  com- 

p l e t e d  u n t i l  the  temperature of condensation exceeds 600OC. This was 

evidenced by the  continued el iminat ion of benza lan i l ine  when the  polymeric 

2 
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Schi f f  bases synthesized by the  Bis-Schiff base exchange r eac t ions  were 

heated up t o  1200°C i n  n i t rogen  i n  a thermogravimetric apparatus;  t hese  

same preheated polymers, when reheated t o  1200°C i n  n i t rogen ,  showed minor 

weight losses. 

For the  s t u d i e s  i n  t h i s  report ,  i t  was decided t o  prepare a l l  the  poly- 

mers under the i d e n t i c a l  temperature condi t ions of condensation up t o  32OOC 

under an a r b i t r a r y  time and pressure schedule which would be maintained 

uniformly f o r  a l l  t he  polymerizations whenever f eas ib l e .  

pared up t o  a condensation temperature of 320°C would then be i s o l a t e d  and 

divided i n t o  por t ions  t o  be postheated t o  425°C and 600OC. 

of 650-700°C would have been preferab le  t o  600°C a s  the  s e l e c t e d  second 

h ighes t  temperature f o r  postheating but  t h i s  w a s  unfeas ib le  because these  

temperatures a r e  beyond the  melting po in t  of t he  aluminum block (623OC) 

used as t he  metal-heating apparatus and the  operat ing condi t ions of the  

h e a t i n g  mantle surrounding the  aluminum block. 

The polymers pre- 

A temperature 

It was considered advisable  a l s o  t o  complete t h e  condensation a t  tem- 

pe ra tu res  i n  excess of 600°C and preferably t o  the  region of 1000°C o r  

h igher .  

10 mg. of the  polymer d i r e c t l y  i n  the thermogravimetric apparatus .  

This was accomplished by hea t ing  small samples of the  order  of 

It was r ea l i zed  t h a t  i n  u t i l i z i n g  an a r b i t r a r i l y  chosen schedule of 

temperature,  time, and pressure  t h a t  t he  u l t ima te  y i e l d s  would not  neces- 

s a r i l y  be the  h ighes t  o r  the  b e s t  a t t a i n a b l e ,  since, i f  t h e  polycondenshti6n 

is not  complete when the pressure  Over the  condensation mass is reduced, 

reagents  and oligomer may be lost reducing u l t ima te  y i e lds .  However, i n  

condensations which proceed by elimination of s imple  molecules by chain- 

end coupling, t he  u l t ima te  polymer obtained, even a t  reduced y i e l d s ,  can be 

considered as s u f f i c i e n t l y  typical  f o r  eva lua t ion  of thermal p rope r t i e s ,  

3 



' 1  

i f  condensation r eac t ion  is continued f a r  enough. 

It is a l s o  a purpose of this s tudy t o  eva lua te  the  thermal p rope r t i e s  

of the  polymers by thermogravimetric methods i n  atmospheres of n i t rogen  and 

a i r .  

11. Polymerization Beactions. 

A. General Experimental Technique. 

I n  a l l  of the  polymerization r eac t ions  included i n  t h i s  s tudy,  the  same 

experimental set-up was used. Reactants were combined i n  a 50 m l .  round- 

bottomed reac t ion  f l a sk .  

mometer supported by a Teflon adapter and with a simple d i s t i l l i n g  hea t  

f i t t e d  with a thermometer, a condenser, an adapter ,  and a rece iver .  A l l  

The reac t ion  f l a s k  was then equipped with a t he r -  

j o i n t s  were ground g l a s s  and standard t ape r .  

by means of an electric mantle; t h e  r ece ive r  was submerged i n  a s o l i d  carbon 

dioxide-acetone t r ap .  

t o  a vacuum l i n e  during p a r t  of t h e  r eac t ion ,  

The r eac t ion  f l a s k  was heated 

The adapter had a s i d e  arm t o  f a c i l i t a t e  attachment 

The monomers used i n  t h e s e  react ions were prepared by the  procedures 

1 given i n  a previous r epor t .  

With severa l  exceptions as indicated below, the  following r eac t ion  

schedule was used for a l l  polymerizations: 

1 .5  hours a t  100-130°C a t  atmospheric pressure  

1.0 hours a t  130-150°C a t  atmospheric pressure  

17.0 hours a t  150-230°C a t  atmospheric pressure 

23.0 hours a t  230-320°C under reduced pressure  i n  t h e  range 

of 0.6 t o  1.2 mm Hg. 

B. Ind iv idua l  Reactions of Xylylidenetetra-n-butyl Ether  (XTBE) 
with Phenylenediamines (PDA) and Their  Der iva t ives .  

1. Experimental. 

4 



* .  a. With the  Phenylenediamines (PDA). 

i. Reactions of Xylylidenetetra-n-butyl Ether  (XTBE) with 
m-Phenylenediamine (MPDA) , 

a) (DA-37-12) i n  Benzalanil  i n e  (BA) . 
A mixture of 4.512 g. (0.0139 M) of xy ly l idene te t ra -n-buty l  e t h e r  (XTBE), 

1.495 g. (0.0144 M) m-phenylenediamine (MPDA), and 5.019 g. benza lan i l ine  

(BA) was  reacted.  Conditions of rac t ion  and r e s u l t s  are given i n  Table 1. 

The y i e l d  of black fused polymer, which was medium brown a f t e r  being ground, 

was 4.75 g. (166% y ie ld ) .  
b) (DA-37-13) Without BA. 

A mixture of 4.425 g.  (0.0137 M) of XTBE and 1.410 g. (0.0136 M) of 

MPDA were reacted.  The observations are given i n  Table 1. The y i e l d  of 

black fused polymer, which was dark-brown a f t e r  being ground, was 2.33 g. 

(106% y i e l d ) .  

ii. Reaction of XTBE with Mixture of m- and p-Phenylenediamine (PDA). 

a) (DA-p7-17) 75 Mole % of MPDA. 

A mixture of 3.2223 g. (0.0081 M) of XTBE, 0.631 g. (0.0061 M) of 

MPDA and 0.2106 g. (0.0020 M) of p-phenylenediamine (PPDA) was reacted.  

The observat ions are given i n  Table 1. The y i e l d  of brown fused polymer, 

which was brown a f t e r  being ground, was 1.70 g. (102% y i e l d ) .  

b) (DA-37-14) 50 Mole % of MPDA. 

A mixture of 5.5321 g. (0.00140 M) of XTBE, 0.7265 g. (0.0070 M) of 

MPDA and 0.7266 g. (0.0070 M) of PPDA was reacted.  The observat ions a r e  

given i n  Table 1. The y i e l d  of black fused polymer, which was brown a f t e r  

being ground, was 2.97 g.  (103% yie ld) .  

c) (DA-37-18) 25 Mole % of MPDA. 

A mixture of 3.2743 g. (0.0083 M) of XTBE, 0.2158 g. (0.0021 M) of 

MPDA and 0.6474 g. (0.0061 M) of PPDA was reacted.  The observat ions are 

given i n  Table 1. The y i e l d  of brown-black p a r t i a l l y  fused polymer, which 

5 
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Conditions 

r e f l u x  12O0c/atm.press. 

Hours Ob s e rva t ions 

1 6  yellow s o l i d  

was chocolate-brown a f t e r  being ground, was 1.73 g. (101% y ie ld ) .  

iii. Reactions of XTBE with p-Phenylenediamine (PPDA). 

a )  (DA-37-15) I n  BA. 

A mixture of 3.3079 g. (0.0084 M) of XTBE, 0.E736 g. (0.0084 M) of PPDA 

and 5.3649 g. of BA was reacted.  The observations are given i n  Table 1. The 

y i e l d  of brown unfused polymer, which was orange-brown a f t e r  being ground, 

was 2.51 g. (145% y ie ld ) .  

b) (DA-37-16) Without BA. 

Amixture  of 3.3606 g. (0.0083 M) of XTBE and 0.8840 g. (0.0085 M) of 

PPDA was reacted.  The observations are given i n  Table 1. The y i e l d  of 

130-15OoC/atm.press. 

150-23O0C/atm. press .  

230-32OoC/0.6  tan Hg 

brown-black p a r t i a l l y  fused polymer, which was  brown a f t e r  being ground, w a s  

1.80 g. (103% yie ld) .  

1) (DA-37-19) With I n i t i a l  Reflux. 

A mixture of 3.3584 g. (0.0085 M) of XTBE and 0.8840 g. (0.0085 M) of 

PPDA was reacted under t h e  following condi t ions:  

1 yellow s o l i d  
2.19 g. (87%) n-BuOH 

17  dark yellow s o l i d  

23  black s o l i d  
I I I L 

The y i e l d  of black unfused polymer, which was yellow-brown a f t e r  being ground, 

was 1.77 g. (101% y ie ld ) ;  Table 2. 

2) (DA-37-24) To Obtain Y e l l o w  Polymer. 

A mixture of 0.6721 g. (0.0017 M) of XTBE and 0.1768 g. (0.0017 M) of 

PPDA was reacted under the  following condi t ions:  

7 
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Observations Conditions Hours 

100-130"Clatm.press. 1.5 two l aye r s  

130-150°C/atm.press. 1 .O some s o l i d  sublimation 

150-32OoC/0.6 mm Hg 0.5 dark yellow s o l i d  
L 

b. With Dibenzyl idenephenylenediamines . 
i. Reactions of XTBE with Dibenzylidene-m-phenylenediamine (DBMPD).. 

a) (DA-37-23) I n  BA. 

A mixture of 2.8166 g. (0.0071 M) of XTBE, 2.0077 g .  (0.0071 M) DBMPD, 

4.6 g. of BA, and 0.1 g. of ZnC12 was reac ted  under the  following condi t ions:  

Conditions 

100-1 3o0C/atm. p ress .  

130-15OoC/atm.  p ress .  

150-23O0C/atm. press .  

230-32OoC/0.8 uuu Hg 

- 
Hours 

1.5 

1 .o 
17.0 

-- 

47 .o 

- 

- 
brown l i q . ;  some 
s o l i d  r e a c t a n t  l e f t  

no s o l i d  l e f t  

black opaque l i q . ,  
1.39 g. yellow 
d i s t i l  l a te  

2 3  hrs . ,  black l i q .  
47 hrs . ,  b lack s o l i d  
3.8 g. brown, acetone- 
so luble  d i s t i l l a t e  

The y i e l d  of black, shiny polymer, which was brown-black a f t e r  being ground, 

was 3.25 g. (223% y ie ld ) ;  Table 2. 

b) (DA-37-22) Without BA. 

A mixture of 2.8116 g. (0.0071 M) of XTBE, 2.0165 g. (0.0071 M) of 

DBMPD, and 0.1 g. of ZnC12 was  reacted.  

Table 1. 

being ground, was 2.50 g. (171% yield) .  

The observations are given i n  

The y i e ld  of black,  shiny polymer, which w a s  brown-black a f t e r  

8 



ii. Reactions of XTBE with Dibenzylidene-p-phenylenediamine (DBPPD). 

a) (DA-37-21) In BA. 

A mixture of 3.3617 g. (0.0085 M) of XTBE, 2.4140 g. (0.0085 M) of 

DBPPD, 5.2493 g. of BA, and 0.01 g. of ZnC12 was reacted under the  following 

Color of Polymer Experiment 
Number 

I 

conditions: 

of Thee 

Condi t ions 

DA-37-19 

DA-37 -21 

DA- 37 - 2 3 

DA- 37 -24 

130-15O0C/a tm.  press .  

150-23O0c/atm. press. 

black, unfused 101 

black, shiny 179 

black, shiny 223 

yellow, br ick  dust  110 

230-32OoC/0.8 l~llll Hg 

Hours 

1.5 

1 .o 
17 .O 

47 .O 

Observations 

brown l iqu id ;  some s o l i d  
reac tan t  l e f t  

no s o l i d  l e f t ;  a l l  l i q u i d  

black opaque l i q u i d ,  0.99 
g. yellow d i s t i l l a t e  

23 hrs . ,  black l i q u i d  
47 hrs . ,  black s o l i d  
6.0 g. brown, acetone- 
soluble  d i s t i l  late 

The y i e ld  of black, shiny polymer, which was brown a f t e r  being ground, was 

3.13 g. (179% yie ld) ;  Table 2.  

b) (DA-37-20) Without BA. 

A mixture of 3.0807 g. (0.0078 M) of XTBE, 2.2152 g. (0.0078 H) of 

D B ~ ~ D ,  and 0.09 g. of ZnC12 was reacted. 

Table 1. 

ground, was 2.02 g. (125% yield) .  

The observations are given i n  

The y i e l d  of black, shiny polymer, which was brown a f t e r  being 

Table 2 

Observations During Reactions of XTBE 
With PDA and Derivatives Under Varied Conditions 

9 



2 .  General Discussion. 

The purpose of these react ions w a s  t o  obta in  polymers which, through 

thermogravimetric s tud ie s ,  would reveal  t h e  inf luence  of varying the  s t a r t i n g  

materials and r eac t ion  condi t ions on the  hea t  r e s i s t a n c e  of the  polymers. 

These s t u d i e s  were undertaken t o  provide a means f o r  d i s t i ngu i sh ing  between 

the  a d v i s a b i l i t y  of s t a r t i n g  w i t h  the  f r e e  m-diamine o r  p-diamine, or  t h e i r  

corresponding benzylidene der iva t ives ,  and whether o r  no t  a so lvent  is re- 

qui red  t o  prepare s a t i s f a c t o r y  polymers i n  these  r eac t ions .  

1 E a r l i e r  work showed t h a t  benzalani l ine is  the most active medium i n  

which t o  perform t h i s  c l a s s  of polymerizations. 

chosen f o r  use as a so lvent  i n  t h e  s tud ie s .  It appears t o  funct ion not  only 

as a so lvent  but  a l s o  as a reagent. ”* 
t h e  four  reagents ,  namely, the  meta and t h e  para phenylenediamines and t h e i r  

corresponding dibenzylidene de r iva t ives  w a s  motivated by economic f ac to r s .  

F i r s t ,  the  dibenzylidene der iva t ives  requi re  syn thes i s  from the  f r e e  amine 

by means of benzaldehyde thereby increas ing  t h e i r  c o s t  over the  f r e e  amine. 

Secondly, the  m-phenylenediamine is r e l a t i v e l y  inexpensive s ince  it can be 

prepared e a s i l y  from low-cost m-dinitrobenzene by c a t a l y t i c  hydrogenation. 

I n  c o n t r a s t ,  p-phenylenediamine involves more s t e p s  i n  its synthes is  and 

accordingly is higher  i n  cos t .  

Hence t h i s  compound was 

The comparison i n  behavior between 

It was observed i n  these s tud ies  t h a t  i n  the  absence of solvent  m- 

phenylenediamine (DA-37-13) reacted with xyly l idene te t ra -n-buty l  e t h e r  more 

smoothly, producing homogeneous l i q u i d  melts and intermediate  f u s i b l e  poly- 

mers f o r  longer per iods of t i m e ,  than the  p-phenylenediamine (DA-37-16). 

The p-phenylenediamine reacted more r ap id ly  than i t s  meta analogue causing 

ear l ier  p r e c i p i t a t i o n  of lower molecular weight polymers with the  r e s u l t  

t h a t  sublimation of r eac t an t s  occurred l a t e r  i n  the process.  I n  f a c t ,  i n  
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L every o the r  case where p-phenylenediamine w a s  used i n  admixtures with m- 

phenylenediamine, (DA-37-14, DA-37-17 and DA-37-18), subl imat ion of r e a c t a n t s  

t o  the  upper p a r t  of the  f l a s k  occurred e a r l y  i n  the  reac t ion .  

of p-phenylenediamine i n  admfgtures with m-phenylenediamine i n  the  range of 

75-25 t o  25-75 mole pe r  cent  a l so  cause premature p r e c i p i t a t i o n  of polymer 

which appeared as a s o l i d  dispersed i n  t h e  l i q u i d  which p e r s i s t e d  f o r  many 

hours i n  the react ion.  It was also ev ident  i n  these reac t ions  that the by- 

products were more r ead i ly  removed i n  the  r eac t ions  using m-phenylenediamine 

than i n  those i n  which p-phenylenediamine w a s  a reac tan t .  

The presence 

The exchange reac t ions  of xylyl idenetetra-n-butyl  e t h e r  with the  d i -  

benzylidenephenylenediamines are  much slower than the  f r e e  amines and neces- 

s i t a t e  t he  use of a c a t a l y s t .  The d i f f e rence  i n  behavior between the  m- 

dibenzylidenephenylenediamine (DA-37-22) and the  p-dibenzylidenephenylene- 

diamine (DA-37-20) was not  as marked a s  i t  was between t h e i r  parent  diamines. 

However, t h e r e  were notab le  d i f f e rences  between the two compounds i n  that  

with the  meta de r iva t ive  the viscous m e l t  p e r s i s t e d  f o r  a longer  per iod of 

t i m e ,  and t h a t  t he  by-product e l iminat ion was more complete a s  evidenced by 

t h e  y i e l d  of 125% f o r  the  meta and 171% f o r  the  para de r iva t ives .  I n  terms 

of overa l l  behavior during polymer syntheses  the  meta de r iva t ive  is p re fe r r ed  

over the  para de r iva t ive .  

Since a t  320°C, the  condensation polymerization is far from complete, 

t h e  y i e l d s  of polymers, compared t o  100% t h e o r e t i c a l  y i e l d  ca l cu la t ion  on 

a DPn of-, are obviously not  ul t imate  y i e l d s  and a l l  of them should be 

g r e a t e r  than loo%, e spec ia l ly  i n  the  cases  where benza lan i l ine  is used as 

a so lvent .  I n  every case where 0A was  used as a so lvent ,  (DA-37-12, 

DA-37-15, DA-37-21 and DA-37-23), t h e  y i e l d  was  much higher  than t h e o r e t i c a l ,  

confirming previous s tud ie s l e3  t h a t  t h i s  compound is  a coreac tan t  as w e l l  

- 
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as a so lvent .  

I n  the  r eac t ion  of XTBE with the  f r e e  amines, (DA-37-13, DA-37-14, 

DA-37-16, DA-37-17, and DA-37-18), the  y i e l d s  obtained by condensation up 

t o  32OOC were i n  the  v i c i n i t y  of 100% of theory varying from 101% t o  106%; 

these  values  should be h igher ,  of the  order  of 110% or  higher .  

y i e l d s  a t  t h i s  s t age  of t he  reac t ion  i s  a t t r i b u t e d  t o  incomplete r eac t ion  

and l o s s  of XTBE under reduced pressure.  Low values  of t h i s  kind were also 

obtained when the  reagents  were ref luxed (DA-37-19) and when the  d e l i b e r a t e  

syn thes i s  of a yellow polymer (DA-37-24) was achieved. 

The low 

For the  present  pur- 

pose these  low y i e l d s  are not  of consequence; whereas f o r  the  f u t u r e  t h e r e  

is  indica ted  an a rea  of s t u d i e s  involving the  eva lua t ion  of o ther  lower 

a l k y l  e t h e r s  of terephthaldehyde and of L e w i s  a c i d  c a t a l y s t s ,  such as 

z i n c  ch lor ide  . 
111. Postheat ing of Polymers. 

The polymers prepared i n  t h i s  r epor t  were condensed t o  a temperature 

of 32OOC; a temperature a t  which the  polycondensation is incomplete. The 

polymers thus prepared were then divided i n t o  appropr ia te  por t ions  and 

postheated t o  temperatures higher than 32OOC t o  increase  t h e i r  molecular 

weights. 

A. Postheat ing a t  425OC and 600OC. 

Since a number of polymerizations i n  the  previous r epor t s  were 

terminated a t  a r eac t ion  temperature i n  the  range of 4OOOC t o  425"C, a 

p o r t i o n  of the  polymer prepared a t  32OOC was postheated t o  approximately 

425OC. 

1-3 

3 I n  o ther  s tud ie s ,  it was shown t h a t  condensation continued t o  t e m -  

p e r a t u r e s  i n  the  60OOC range with by-product e l imina t ion  and without sub- 

s t a n t i a l  changes i n  t h e  inf ra red  spec t r a  of t h e  polymer. Accordingly, i n  
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these s tud ies  another portion of the  polymer prepared a t  320°C was post- 

heated t o  600°C. 

number of a polymer t o  indicate  t h a t  the polymer has been heated a t  425°C 

or a t  600°C respectively.  For example, DA-37-12-H425 i s  polymer DA-37-12 

a f t e r  it has been postheated a t  425°C. 

The designation H425 o r  H600 is placed a t  the end of the  

1. General Experimental Technique. 

Polymers were placed i n  a quartz tube f i t t e d  with a s i d e  arm and heated 

by means of a metal heat  s ink  which consisted of a cube of aluminum, three- 

inches long on an edge. A hole, one inch i n  diameter, w a s  d r i l l e d  i n  the 

center  of one face of the cube to  house the  quartz tube, and a probe hole 

was located within one-half inch of the inser ted quartz tube. 

cube was heated by a quartz mantle, custom-made f o r  the cube. 

The metal 

For the 425°C postheating, the  temperature w a s  maintained and control led 

by a Model 1422-071 Temperature Control ler  from Cole-Parmer Instrument and 

Equipment Company. For the 6OOOC postheating, the temperature was control led 

by a Variac and the temperature determined by a thermocouple. 

The sample was placed i n  a reac t ion  tube equipped with a nitrogen 

bleeder supported by a Teflon adapter, a condenser, an adapter with s ide  arm 

f o r  evacuation, and a receiver  which was submerged i n  a s o l i d  carbon 

dioxide-acetone t rap.  A l l  j o i n t s  were ground g lass  and standard taper.  

Samples were weighed i n t o  the react ion tube, the other  glassware was 

at tached,  and the tube placed into the aluminum cube, which had already 

reached the  desired temperature. 

b led  in. 

bleeder  w a s  sealed off, while i n  the  600°C postheating the flow of nitrogen 

w a s  continued through the heating period. 

The system was evacuated and nitrogen was 

After a few minutes i n  the  post heating a t  425°C the nitrogen 
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Weight of Material Found 
i n  bottom of tube [ i n  top  of tube 

Polymer 

I 

For a l l  of the  pos thea t ing  a t  425OC t he  tubes were l e f t  i n  t he  aluminum 

DA-37-12-H600  

DA- 37 -1 3 - H 6 0 0  

DA-37 -14-H600 

block f o r  f o r t y  hours. I n  the case of t h e  600°C pos thea t ing ,  t he  tubes 

0.7188 g. 0.1870 g. 

0.2130 g. 0.1954 g. 

0.3652 g. 0.0418 g. 

were l e f t  i n  the  hea t ing  block for twenty minutes. 

0.2655 g. 

B. Postheat ing of Individual Polymers. 

0.1918 g. 

1. Experimental. 

Table 3 l is ts  the  experimental da ta  f o r  the  pos thea t ing  of the  polymers. 

Table 4 provides a summary of the percentage y i e l d s  of the  polymers before  

and a f t e r  postheat ing.  The percentages were ca l cu la t ed  by p ro jec t ing  the  

weight loss over the  o r i g i n a l  yield.  I n  the  case of postheat ing of four  

of t he  polymers a t  6OO0C, when the tube containing t h e  o r ig ina l  polymer was 

placed i n  the  hea t ing  block, some f i n e l y  ground polymeric material rose  

t o  the  top  of the r eac t ion  tube and t h i s  a l s o  became black during the 

course of the  postheat ing.  The gram y i e l d s  given i n  Table 3 and t h e  per -  

centage y i e l d s  i n  Table 4 r e f e r  t o  the  t o t a l  amount of material in t he  

bottom and i n  the  top of the  react ion tube f o r  these  four  polymers. Values 

for the  sepa ra t e  p a r t s  of these  polymers follows: 

DA- 37 -1 7 - H 6 0 0  1 

1 4  
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Table 4 

Summary of Percentage Yields of Polymers 

Original  
Polymer 

% Yield of 
original 
polymer 

DA- 37 -1 2 

DA- 37 -1 3 

DA- 37 -14 

DA-37 -15 

DA- 37 - 1 6 

DA- 37 -17 

DA- 37 -18 

DA- 37 -1 9 

DA-37-20~ 

DA-37-21 

DA-37 -22 

DA- 37 -23 

% Yield 
a f t e r  hea t ing  

a t  425°C 
I 

166 

106 

103 

145 

103 
103 

101 

101 

125 

179 

1 7 1  

223 

134.0 

103.0 

81.5 

85.5 

73.5 

86.3 

75.8 

74.2 

49.1 

89.0 

146.6 

90.6 

% Yield 
a f t e r  hea t ing  

a t  600 "C 

C.  Postheat ing a t  Temperatures Above 600°C. 

It is d e s i r a b l e  t o  evaluate  the  thermal and o ther  p rope r t i e s  of poly- 

mers which have been heated t o  temperatures above 6OO0C, preferab ly  t o  

temperatures i n  the  v i c i n i t y  of 1000°C, and means f o r  achieving t h i s  hea t  

t reatment  had t o  be devised. 

polymers t o  425°C and 600°C is  not s u i t a b l e  for t h i s  purpose s ince  t h e  t e m -  

pe ra tu re  l i m i t a t i o n  on the  heating mantle is s e t  a t  about 610OC. Accord- 

ing ly ,  the du Pont 950 Themogravimetric Analyzer was adopted for t h i s  pur- 

pose in t he  following manner. The sample was placed in t he  TGA c e l l  of t he  

950 Analyzer and heated, under ni t rogen,  t o  a recorded 12OO0C, which is 

cor rec t ed  f o r  t he  non- l inear i ty  of the  chromel-alumel thermocouples t o  

1176°C. Then the  furnace and the sample was allowed t o  cool t o  room 

The apparatus  used i n  h e a t - t r e a t i n g  the  

1 6  



r -  

I .  

temperature i n  nitrogen. 

R t o  the  polymer number and a r e  designated as recyc les .  

These samples are designated by the  add i t ion  of 

D. General Discussion. 

A d i scuss ion  of the  e f f e c t  of postheat ing on the  thermal s t a b i l i t y  of 

the  polymers is  l e f t  t o  the  sec t ion  on thermogravimetric analyses .  

Nothing was found i n  the so l id  carbon dioxide-acetone t r a p  a f t e r  any 

of the  postheat ings a t  425"C, although i t  is  poss ib l e  t h a t  some h ighly  

v o l a t i l e  mater ia l  may have gone through t h e  t rap .  

a yellow-brown deposi t  formed on the  upper p a r t  of the  r eac t ion  tube. 

yellow-brown deposi t  i s  probably due t o  so lvent  (benzalani l ine)  i n  the cases  

where so lvent  was present  as well a s  t o  the  e l imina t ion  of te logens from 

t h e  ends of chains with r e su l t an t  chain lengthening. 

I V .  Thermogravimetric Analyses. 

However, i n  every case 

The 

The du Pont 950 Thermogravimetric Analyzer was  used t o  determine the  

thermal p rope r t i e s  of t he  polymers under condi t ions i d e n t i c a l  t o  those used 

i n  o ther  ~ t u d i e s . ~  A number 

of thermogravimetric measurements were made i n  n i t rogen  and i n  a i r  a t  a flow 

rate of one (1) standard liter p e r  minute. Sample weight was standarized 

a t  10 mg. A temperature cor rec t ion  has  been made i n  the  measurements f o r  

t h e  mon-l inear i ty  of the  chrornel-alumel thermocouples. 

The hea t ing  r a t e  used was 15OC per  minute. 

A. Experimental. 

1. Thermoanalysis in A i r .  

The polymers l i s t e d  i n  Table 5 were subjec ted  t o  thermogravimetric 

a n a l y s i s  i n  a i r  and the  thermograms obtained f o r  t h e  r e spec t ive  polymers 

a te  given under the  appendix number. The da ta  i n  Table 6 gives  the  per-  

centage of l o s s  of weight a t  400"C, 5OO0C, 600°C and 700°C i n  a i r  under 

t h e  condi t ions  of measurement. The da ta  i n  Table 7 l ists  the  temperature 

17 



for each polymer at which weight loss beging, the temperature at which 

Thermogram 

Number 
I Appendix 
I 

20% of the weight has been lost, and the temperature at which the 

had completely combusted in air to zero weight. 

~~ 

I 

18 

19 
I 

~ 20 

I 21 
I 
I 22 

Thermogram 
Appendix 
Number 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

Table 5 

Polymers Thermoanalyzed in Air 

Polymer 
Number 

DA- 37 -1 2 
DA- 37 -12-H425 

DA- 37 -1 2 -H600 

DA- 37 -1 3 

DA- 37 -1 3-H42 5 

DA- 37 -1 3-H600 

DA- 37 -14 

DA- 37 -1 4-13425 

DA-37-14-H600 

DA- 37-15 

DA- 37 - 1 5-H42 5 
DA- 37 -1 5-H600 

DA- 37 -1 6 

DA-37-16-H425 

DA- 37 -1 6-H600 

DA- 37-1 7 

DA- 37 -1 7 - H m  

23 

24 

25 
26 

27 
I 

28 

29 

30 

31 

32 

33 

Polymer 
Number 

~~ 

DA- 37 -1 7 -h600 
DA- 37 - 1 8 
DA-37-18-H425 

DA-37-18-H600 

DA-37-19 

DA- 37-1 9-H425 

DA- 37 - 1 9 -H600 

DA-37-20 

DA-37 -20-H425 

DA-37-21 
DA-37-21 -H425 

DA- 37 -22 

DA- 37 -22 -H425 

DA- 37 -2 3 

DA- 37-2 3-H425 

DA-37-24 

sample 
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I 
Table 6 

Percentage Loss of Weight of Polymers a t  
Various Temperatures While Being Heated i n  A i r  

Thermogram 
Appendix 
Number 

1 

2 
3 
4 
5 
6 
7 

8 

9 
10 

11 
12 

1 3  
14 
15 
16  
1 7  
18 

19 

20 
21 

22 

23  
24 

25 
26 

27 
28 

29 
30 
31 
32 

33 

Polymer 

DA-37 - 1 2 

DA- 37 - 1 2 - H a 5  
DA- 37 - 12 -H 600 
DA-37 -1 3 
DA-37-13-H425 
DA-37-13-H600 
DA-37-14 

DA-37-1443425 
DA-37 -14-H600 
DA-37-15 

DA- 37 -1 5 -H425 
DA-37-15-H600 

DA- 37 - 1 6 
DA- 37 - 1 6 -H425 
DA-37-16-H600 
DA- 37 -1 7 
DA-37-17-H425 
DA- 37 -l7-€I600 

DA-37-18 

DA- 37 -1 8 -H425 
DA-37-18-H600 

DA-37-19 
DA- 37 -1 9 -H425 

DA- 37 -1 9-H600 

DA- 37 -20 
DA- 37 -2O-H425 

DA- 37 -21 
DA-37-21-HU5 

DA-37-22 
DA-37 -22-11425 
DP.- 37 - 2 3 
DA-37 -23-H425 

DA- 37 -24 

% Loss 
a t  

400 O C  

2.5 

0 
0 
4 
0 
0 
1 

0 
0 

20 

0 
0 

7 
0 
0 
1 
0 
0 

4 

0 
0 

0 
0 

0 

5 
0 

3 
2 

4 
0 

0 
0 

4 

% Loss 
a t  

500 O C  

20 

1 
1 

38 
1 
1 

25 

1 
8 

29 

2 
27 

73  
2 

52 
18 
1 2  

6 

31 

1 
18 

67 
1 

77 

56 
16 

4s  
43 

35 
54 

9 
11 

60 

% Loss 
a t  

600 OC 

86 

32 
28 
88 
39 
21 
89 
42 
80 
7 3  
48 
97 

100 
78 
93  
62 
52 
88 

92 

22 
100 

95 
80 

93 

90 
68 

91 
97 

83 
93 

68 
38 
81 

% Loss 
a t  

700 OC 

100 

94 
97 

100 
99 
97 

100 

94 
96 

100 

99 
100 

100 
100 
100 
100 

97 
100 

100 

100 
100 

100 
100 

100 

100 
100 

100 
100 

100 
100 

100 
97 

100 
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Table 7 

Temperatures at Which Weight Loss Begins, Has 
Occurred to 20%, is Complete While Being Heated in Air 

Po 1 yme r 

DA- 37 -12 
DA - 37 - 1 2 -H42 5 
DA- 37-12 -H600 

DA-37-13 
DA-37-13-H425 
DA- 37 -1 3-H600 

DA- 37 - 14 
DA-37 - 14-H42 5 
DA-37-14-H600 

DA- 37 - 15 
DA- 37 - 1 5 -H42 5 
DA- 37 - 1 5 -H600 
DA- 37 - 1 6 
DA- 37 - 16-H42 5 
DA-37-16-H600 

DA-37 - 17 
DA- 37 - 17 -H425 
DA-37 -1 7 -H600 

DA- 37 -18 
DA- 37 - 18 -H42 5 
DA- 37 -1 8 -H600 

DA- 37 - 1 9 
DA- 37 - 1 9 -H42 5 
DA- 37 -1 9 -H600 

DA-37-20 
DA-37-20-Hh25 

DA- 37 - 21 
DA-37-21-H425 

DA-37 -22 
DA- 37 -22-H425 
DA- 37 -23 
DA-37-23-H425 

DA-37-24 

~~ ~ 

Sample Begins 
to Lose 

Weight: at OC 

320 
470 
460 

350 
450 
480 

370 
430 
440 

105 
440 
400 

200 
480 
400 

380 
395 
400 

340 
51 5 
410 

396 
48 5 
390 

340 
370 

355 
350 

350 
380 
42 0 
400 

150 

20 

~~ 

Sample Has 
Lost 20% 
at OC 

~ 

500 
583 
593 

477 
575 
5 95 

490 
580 
517 

390 
580 
4 98 

450 
552 
480 

502 
520 
515 

490 
595 
500 

400 
535 
455 

463 
497 

482 
482 

470 
460 

503 
5 50 

455 

Sample Has 
Disappeared 

at OC 

670 
7 90 
725 

650 
740 
7 42 

670 
775 
800 

670 
7 20 
640 

600 
690 
640 

710 
7 35 
670 

660 
688 
585 

720 
660 
670 

650 
660 

640 
6 30 

710 
630 
700 
921 

680 



2, Thermoanalyses i n  Nitrogen and Recvcles i n  Nitrogen and A i r .  

a.. I n  Nitrogen. 

The  thermograms of a number of polymers as prepared a t  32OoC, or pos t -  

heated a t  425°C or 600°C were also obtained under a n i t rogen  atmosphere. 

The n i t rogen  used w a s  lamp-grade n i t rogen  obtained from General E l e c t r i c  

Company and used without fur ther  p u r i f i c a t i o n .  Table 8 l ists ,  i n  the  

second column, the  polymers which, as prepared, were heated i n  n i t rogen ,  

and the  appendix numbers of t he  thermograms i n  which curve number 1 p l o t s  

t h e  da t a  obtained under nitrogen t o  a temperature of 1176OC. 

g ives  the  percentage l o s s  of weight a t  4OO0C, 6OO0C, 8OO0C, 1000°C, and 

1176OC during t h i s  f i r s t  heating i n  ni t rogen.  

Table 9 

b.  Recycle a n  Nitrogen. 

The polymers heated i n  ni t rogen t o  1176OC were considered a s  f u l l y  

condensed and a s  being hea t - t rea ted  t o  temperatures i n  excess of 600OC. 

Accordingly the  polymer samples, a f t e r  hea t ing  t o  1176OC, were recycled 

t o  1176OC i n  ni t rogen.  The polymers so t r e a t e d  are l i s t e d  i n  column 3 i n  

Table 8 with the  appendix designation R t o  ind ica t e  recyc le  together  with 

the appendix number of the  termograms i n  which curve 2 p l o t s  t he  da t a  

obtained. Table 10 l i s t s  t h e  percentage l o s s  i n  weight of the  polymers 

on recycled hea t ing  t o  1176OC based on the  amount of polymer l e f t  a f t e r  

t h e  f i r s t  hea t ing  t o  1176OC, and on weight of the  o r i g i n a l  sample. 

. 
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Table 8 

Polymers Themoanalyzed in Nitrogen, Then 
Recycled in Nitrogen, Followed by 

Recycle in Air 

Thermogram 
Appendix 
Number 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
47 

48 

49 

50 

51 

52 

53 

54 

Run in Nitro- 
gen, Curve 

No. 1 

DA- 37 -1 2 

DA- 37 - 12 -H42 5 
DA-37-12-H600 

DA-37-13 

DA-37-13-H425 

DA-37-13-H600 

DA- 37 -14-H6OO 

DA- 37 -1 5 

DA- 37 -1 5-H425 

DA- 37 -1 5-H600 

DA-37-16 

DA- 37 -1 6-H425 

DA- 37 -1 6 -H600 
DA-37-17-H600 

DA-37 -18-H600 

DA- 37 -1 9 -H 600 

DA-37-20 -H425 

DA-37-21 

DA-37-22-H425 

DA- 37 -2 3-H425 

DA- 37 -24 

Recycled in 
Nitrogen, Curve 

No. 2 

DA-37-12-R 

DA- 37-1 2 -H425 -R 
DA- 37 -1 2 -H600-R 

DA- 37-1 3-R 

DA- 37 - 13-H425 -R 
DA-37-13-H6OO-R 

DA-37-14-H6OO-R 

DA- 37 -1 5 -R 

DA- 37 -1 5-H425 -R 

DA- 37 - 1 5 -H60O-R 
DA- 37 -1 6-R 

DA- 37 -1 6-H425 -R 

DA- 37 -1 6 -H6OO -R 

DA- 37 -1 7 -H600 -R 

DA-37-18-H600-R 

DA- 37 -1 9 -H 600 -R 

DA- 37 -20-H425-R 

DA- 37 -21 -R 

DA- 37 -22 -H425 -R 

DA- 37 -23-H425-R 

DA-37-24-R 

Recycled in Air 
Curve 
No. 3 

DA- 37 -1 2 -R-a 

DA- 37 - 12 -H425-R-a 
DA-37-12-H600-R-a 

DA- 37 -1 3-R-a 

DA- 37 -1 3 -H425 -R-a 

DA-37-134i600-R-a 

DA-37-14-H600-R-a 

DA-37-15-R-a 

DA- 37 -1 5 -H425 -R-a 

DA- 37-1 5-H600-R-a 

DA-37-16-R-a 

DA- 37 -1 6-H42 5 -R -a 

DA-37-16-H600-R-a 
DA- 37 -17 -H600-R-a 

DA-37 -18-H600-R-a 

DA-37-19-H600-R-a 

DA-37-20-H425-R-a 

DA- 37 -21 -R-a 

DA-37-22-H425-R-a 

DA-37 -23-H425-R-a 

DA- 37-24-R-a 
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* -  Table 9 

' .  
Percentage Loss of Weight of Selected Polymers a t  

Various Temperatures While Being Heated i n  Nitrogen 

Thermogram 
Appendix 
Number 

34 
35 
36 

37 
38 
39 

40 

41 
42 
43 

44 
45 
46 

47 

48 

49 

50 

51 

52 

53 

54 

P o l  yme r 

DA-37 -1 2 
DA- 37 -1 2 -H425 
DA- 37 -1 2 -H600 

DA-37-13 
DA-37-13-H425 
DA- 37 - 1 3 -H600 

DA-37-14-H600 

DA-37-15 
DA- 37 -1 5 -H425 
DA-37 -1 5-H600 

DA- 37 - 1 6 
DA- 37 -1 6-H425 
DA- 37 -1 6-H600 

DA- 37 -1 7 -H600 

DA- 37 -1 8-H600 

DA-37 -1 9-H600 

DA- 37 -20 

DA- 37 -2 1 

DA- 37 -22 -H425 

DA- 37 -2 3-H425 

DA- 37 -24 

% Loss 
a t  

400 O C  

0.0 
0 .o 
0 .o 

1 .o 
0.0 
0 .o 

0.0 

14.0 
0 .o 
0.0 

3.0 
0.0 
0 .o 

0.0 

0.0 

1 .o 

4.0 

2 .o 

0.0 

0.0 

6.0 

% Loss 
a t  

600 O C  

21 .o 
3.0 
3.0 

20.0 
2 .o 
2 .o 

1 .o 

43.0 
6.0 
1 .o 

39.0 
2 .o 
1 .o 

2 .o 

2 .o 

4.0 

10.0 

4.6 

3.0 

3.5 

59.0 

% Loss 
a t  

800 OC 

27 .O 
10.5 

9.5 

27 .O 
12 .o 
7.5 

6.0 

52.0 
18 .O 

7.5 

51 .O 
18 .O 
10.0 

7 .O 

9.0 

12.0 

25 .O 

20.0 

11 .o 

19.0 

68 .O 

% Loss 
a t  

1000 O C  

30.0 
15.0 
12  .o 

30.0 
16.0 
11 .o 

10.0 

53.0 
21 .o 
11 .o 

54.0 
23.0 
15.0 

10.0 

14.0 

17.5 

36.0 

25.0 

14.0 

26.0 

70.0 

% Loss 

1176OC 
a t  

36.0 
22 .o 
17.0 

35.0 
22 .o 
16.0 

15.0 

56.0 
22.5 
15.0 

56.5 
27 .O 
19.0 

15.6 

19.5 

23.0 

45.0 

36.5 

19.0 

32.0 

73.0 
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Table 10 

Loss in Weight of Polymers Postheated to 1176OC 

Appendix 
Number 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

51 

52 

53 

54 

Polymer 

DA- 37 -1 2 -R 

DA- 37 - 1 2 -H42 5 -R 

DA-37-12-H6OO-R 

DA-37-13-R 

DA- 37 -1 3-H42YR 

DA-37 -1 3-H600-R 

DA-37-14-H600-R 

DA-37 -1 5-R 

DA-37-15-H425-R 

DA-37-15-H600-R 

DA-37-16-R 

DA-37 -16-H425-R 

DA-37-16-H600-R 

EA-37 -17 4i600-R 
DA-37-18-H600-R 

DA-37-19-H600-R 

DA-37-21-R 

DA-37-22-H425-R 

DA- 37 -2 3-H425 -R 

DA-37 -24-R 

~ ~- 
% Loss in Weight on Basis of - 

Reheated 
Sample 

3.0 

3.8 

2.3 

3 .O 

3.8 

2.3 

2.3 

2 .o 
3.8 

2.3 

4.5 

3.0 

5 .O 

5.0 
5 .O 

6.5 

6.0 

2.5 

1.4 

10.0 

Original 
Sample 

2 .o 
3 .O 

2 .o 
2 .o 
3.0 

2 .o 
2 .o 
1 .o 
3.0 

2 .o 
2 .o 
2.0 

4.0 

4.0 
4.0 

5.0 

4.0 

2 .o 
1 .o 
2.0 
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c. Recycle i n  A i r .  

To c o n t r a s t  the  thermal behavior i n  a i r  of polymers hea t - t r ea t ed  t o  

1176°C with those prepared a t  320°C, 425OC and 600°C the  polymer samples 

which had been subjected t o  1176°C i n  the  thermogravimetric analyzer  w e r e  

recycled i n  the  apparatus i n  the presence of a i r .  

showed t h a t  t he re  was no subs tan t ia l  d i f f e rence  i n  thermal behavior i n  

a i r  between those samples which had been processed once t o  1176OC (curve 1 

i n  the  thermograms) and those which had been recycled under n i t rogen  (curve 

2 i n  t h e  thermograms). 

a n a l y s i s  i n  a i r  of samples heated t o  1176°C were performed on samples 

which were allowed t o  remain i n  t h e  thermogravimetric analyzer  a f t e r  the  

recyc le ,  t h a t  i s ,  t he  second cycle i n  n i t rogen  t o  1176°C. Table 8 lists, 

i n  column 4, the  polymers designated by the  appended l e t t e r  5 which were 

recycled i n  a i r  t o  1176°C a f t e r  two cyc les  i n  n i t rogen  toge ther  with the  

appendix number of the  thermogram i n  which curve 3 p l o t s  the  da ta  obtained. 

Table 11 l is ts  t h e  temperature a t  which l o s s  of weight begins,  the  tempera- 

t u r e  a t  which 20% of the  weight has  been l o s t ,  and the  temperature a t  

which the  sample completely disappeared while being heated i n  a i r  a f t e r  

having been heated t o  1176°C i n  ni t rogen.  

Preliminary experiments 

I n  t h e  i n t e r e s t  of economy of t i m e ,  the  thermo- 

B. General Discussion. 

The da ta  i n  the  thermograms shows t h a t :  

(1) The polycondensations performed t o  32OOC are not  complete, This  

is indica ted  by the  l o s s  i n  weight when these  polymers a r e  heated i n  n i t r o -  

gen compared t o  the  much lower lo s ses  when t h e  polymers are condensed t o  

h ighe r  temperatures. This confirms e a r l i e r  f ind ings  on syntheses of 

poly-Schiff  bases by o ther  reagents which d id  no t  involve xy ly l idene te t r a -  

n-butyl e t h e r ;  

1-3 
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Table 11 

DA- 37 -1 2 

DA-37-1243425 

DA-37-12-H60C 

DA-37-13 

DA- 37 - 1 3 -H42 5 

DA- 37 - 1 3 -H600 

DA- 37 -1 4-H600 

DA- 37 -1 5 

DA- 37 -15 -H425 

DA-37-15-H600 

DA-37 -1 6 

DA- 37 -1 6-H425 

DA- 37 -1 6-H600 

DA-37-17-H600 

DA- 37 - 18 -HQOO 

DA-37-19-H600 

DA-37 -21 

DA- 37 -2 2 -H42 5 

DA- 37 -2 3-H425 

DA-37 -24 

Temperatures a t  Which Weight Loss Begins, Has Occurred 
t o  20%, is Complete While Being Heated i n  A i r  After 

Having Been Heated t o  1176OC i n  Nitrogen 

Thermogram 
Appendix 

Number 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

51 

52 

53 

54 

ample Begins 

470 

480 

480 

520 

500 

540 

5 30 

600 

510 

500 

480 

485 

470 

535 

500 

460 

500 

444 

480 

470 

Sample Has 
Lost 20% 

w t .  a t  OC 

600 

620 

664 

6 30 

650 

682 

670 

695 

610 

620 

61 0 

6 38 

600 

670 

620 

580 

61 0 

580 

620 

540 

Sample Has 
Disappeared 

a t  O C  

840 

1000 

1000 

900 

920 

920 

1000 

1000 

800 

840 

740 

7 38 

880 

880 

840 

800 

680 

805 

8 60 

700 

26 



li 
I 
~ 

- ,  

' -  

(2) When condensed t o  32OOC the  hea t - r e s i s t ance  of most of t he  poly- 

mers is i n  the  v i c i n i t y  of 400°C as seen i n  thermograms of appendix num- 

bers  1, 4, 7 ,  13, 16, 19,  22, 25, and 29; 

(3) When the  condensation i s  c a r r i e d  t o  320°C i n  those polymeriza- 

t i o n s  i n  which benza lan i l ine  i s  used as a so lvent ,  the  presence of benzal-  

a n i l i n e  r e t a r d s  the  condensation of xy ly l idene te t ra -n-buty l  e t h e r  with 

p-phenylenediamine and reduces the hea t  r e s i s t a n c e  of the  polymer i n  a i r .  

This  is  shown i n  the  thermogram of appendix 10 i n  which the  condensation 

is seen t o  continue a s  t he  temgerature is ra i sed ,  i n  con t r a s t  t o  the  beha- 

v i o r  of m-phenylenediamine as shown i n  thermogram of appendix number 2. 

However, when the  condensation up t o  320°C involving benza lan i l ine  is per -  

formed i n  the  presence of ZnCl a s  a c a t a l y s t ,  the degree of condensation 

is improved and the  hea t  res i s tance  aga in  rests i n  the  400°C region a s  found 

i n  the  thermogram of appendix numbers 27 and 31; 

2 

(4) When the  polymers a re  condensed t o  a temperature of 425"C, the  

h e a t  r e s i s t a n c e  of the  polymers i n  a i r  l i e s  i n  the  5OOOC region,  

e i g h t  polymers shown i n  thermograms, appendix numbers 2 ,  5 ,  8, 11, 14, 20, 

23  and 26 a r e  i n  the  500-550°C range, and the  four  given i n  appendix num- 

be r s  17, 28, 30 and 32 a r e  i n  t h e  475°C t o  480°C range. The four  polymers 

of appendix numbers 2,  5, 8 and 20 show hea t  r e s i s t a n c e s  of 550°C (1022°F) 

i n  a i r ;  

The 

(5) When benza lan i l ine  i s  used as a so lvent  i n  those condensations 

c a r r i e d  t o  425"C, the  heat  r e s i s t ance  of these  polymers i n  a i r  l i e s  i n  the 

region of 475-500°C and approaches those of polymers prepared i n  the  ab 

sence of benza lan i l ine  as shown i n  t he  thermograms of appendix numbers 11, 

2 8 ,  30 and 32. The iower values do show t h a t  e i t h e r  chain-end coupling 

i n  benza lan i l ine  telomerized polymers i s  not completed at 425°C f o r  t he  

27 



- .  
t i m e  i n t e r v a l  s tud ied ,  o r  a l l  of t h e  benza lan i l ine  by-product o r  so lvent  

has  not  d i f fused  from the polymer; 

( 6 )  When the  condensation is  performed t o  a temperature of 600°C a 

number of e f f e c t s  a r e  noted. F i r s t ,  the  twenty-minute hea t ing  t i m e  a t  

600°C appears t o  be in su f f i c i en t ,  t o  cause complete condensation i n  a l l  

cases .  To assure  the  maximum degree of polymerization, i t  would have been 

preferab le3  t o  have taken the  polymer previously t r e a t e d  t o  425OC r a t h e r  

than those heated t o  320°C as t h e  sample f o r  treatment t o  600°C. 

the  s p e c i f i c  condi t ions of these experiments, t he re  is, i n  t h e  case of 

the m-phenylenediamine polymers, l i t t l e  or no d i f f e rence  i n  the  hea t  r e -  

s i s t a n c e  i n  a i r  between the  polymers t r e a t e d  t o  600°C and the  425°C poly- 

mers; both show values  of 550°C as shown i n  thermograms of appendix num- 

b e r s  3 and 6 cont ras ted  t o  those of numbers 2 and 5. 

of the  p-phenylenediamine polymers t h e r e  is found a reduced hea t  r e s i s t a n c e  

i n  a i r  f o r  polymers heated t o  6OOOC f o r  twenty minutes, compared t o  those 

hea ted  t o  425°C f o r  twenty-four hours ;  t h i s  reduct ion  is noted a l s o  i n  

polymers prepared with mixtures of p-phenylenediamine with m-phenylene- 

diamine. 

appendix numbers 9, 12,  15, 18 and 21 with numbers 8, 11, 14, 17 and 20. 

This  reduct ion is  a t t r i b u t a b l e  to the  poorer r e a c t i v i t y  of the  para  d e r i -  

v a t i v e s  which is aggrevated by the d i f f e rence  i n  the  t i m e  schedule of t he  

experiments. The d i f fe rence  under the  experimental condi t ions used poin ts  

t o  the  m-phenylenediamine a s  the p re fe r r ed  r eac t an t ;  a l s o ,  s ince  the  poly- 

mers der ived from the  m- and p-phenylenediamines can be prepared t o  have 

s u b s t a n t i a l l y  the  same hea t  s t a b i l i t y  of the  order  of 550°C i n  a i r ,  it 

does not  appear necessary t o  evaluate  polymers prepared from the  p- 

phenylenediamine which have been heated t o  600°C i n  a t i m e  schedule which 

Under 

However, i n  t he  case 

These conclusions a re  supported by a c o n t r a s t  of t he  thermograms 
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- .  
includes many hours a t  425OC. 

use of m-phenylenediamine and its dibenzyl idene de r iva t ives  ; 

Future s t u d i e s  w i l l  be concentrated on the  

(7) The hea t  r e s i s t a n c e  of yellow polymers i n  a i r  i s  much less than 

those of the  black polymers, cs sho-m i n  thermogram appendix number 33; 

( 8 )  When heated i n  nitrogen, the  thermograms ind ica t e  f o r  most of the 

polymers, t h a t  polycondensation, and possibly o ther  types of condensations,  

continue up t o  a temperature of 1176OC, which corresponds t o  a recorded 

temperature of 12OOOC c o z e c t e d  €or  the  non- l inear i ty  of t h e  chromel-alumel 

thernocouple. This continued polycondensation i s  evident  i n  each of curve 

number 1 of the  thermogram of cppendix numbers 34 t o  53 inc lus ive .  

most of these thermograms, it w i l l  be observed i n  t h e  weight-temperature 

p l o t s ,  t h a t  l i t t l e  o r  no l o s s  i n  weight is found as the  samples a r e  heated 

t o  a higher  tcnpera ture  u n t i l  some d e f i n i t e  temperature is reached; there 

a f i r s t  d i s t i n c t  negat ive s lope occurs u n t i l  it reaches a second higher  

temperature where it  tends t o  leve l  out as a second but  smaller negat ive 

s lope  becomes ev ident  which continues t o  the  temperature l i m i t  of the  appa- 

r a t u s ,  namely, 117604. 

I n  

The f i r s t  negat ive s lope  can be a t t r i b u t e d  t o  lo s ses  of by-products 

due t o  contirlued condensation polymerization and the  temperature a t  which 

it o r i g i n a t e s  depends, a s  would be expected, on the  previous thermal h i s t o r y  

of the  sample. Po? exm?le, i n  t5ose polymers which had been polymerized 

t o  a temperature of 325"C, t he  first negat ive s lope  is  found approximately 

i n  t h e  500-700°C region;  i n  those postheated t o  425OC it  is i n  the  600- 

75OOC region and f o r  those postheated t o  6OO0C, it is  found i n  the  700- 

900°C region. 

The second negat ive slope may be in t e rp re t ed  from the  na ture  of the  

p l o t s  as or ig ina t ing  before  the  f a c t o r s  respons ib le  f o r  the  f i r s t  negat ive 
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s lope  are completed and it may be approximated t h a t  genera l ly  i t  takes  

o r i g i n  i n  the  800-850°C range. Though the  lo s ses  i n  t h i s  region may be 

a t t r i b u t e d  i n  p a r t  

minor, they a l s o  may be due t o  condensations between polymer chains  t o  y i e l d  

fused r i n g  s t r u c t u r e s  by loss of hydrogen or other  by-products. 

t o  continued condensation which would be expected t o  be 

An i n s i g h t  i n t o  the  nature  of these  r eac t ions  can be b e t t e r  obtained 

by analyzing the  gases or  products co l l ec t ed  during the  thermogravimetric 

run, and by d i f f e r e n t i a l  thermal a n a l y s i s  by re ference  t o  the  in f r a red  spec- 

t ra ,  i f  i n t e rp re t ab le ,  of the polymers r e s u l t i n g  from such treatment.  Such 

s tud ie s  are contemplated i n  fu ture  research.  I n  any case,  t he  thermograms 

performed i n  n i t rogen  ind ica t e  tha t  condensation polymerization should be 

continued f o r  a s u f f i c i e n t  t i m e  t o  some temperature above 6OO0C, probably t o  

a temperature i n  the  reg ion  of  750-800°C. 

blocks capable of withstanding these temperatures;  f o r  t h i s  purpose, copper, 

MI?) lOOO"C, is s a t i s f a c t o r y .  It would a l s o  r equ i r e  a new design or  s t r u c -  

t u r e  i n  the  means of hea t ing  t h i s  copper block and of maintaining the  des i r ed  

temperature thermosta t ica l ly .  

This w i l l  r equi re  metal hea t ing  

It is i n t e r e s t i n g  t o  note  the  appearance of the polymers  a f t e r  hea t ing  

t o  1176°C i n  n i t rogen;  the  f ine ly  powdered samples have the  appearance of 

r e l a t i v e l y  shiny, very black p a r t i c l e s  of t he  o r i g i n a l  shape, and not of a 

dusty,  powdery product c h a r a c t e r i s t i c  u sua l ly  of carbonized polymers. The 

yellow brick-dust  polymer, DA-37-24, appendix number 54,  also became black 

b u t  it re t a ined  a br ick-dust  character ;  

(9) When any o r  a l l  of the polymers which have been heated t o  1176°C 

i n  n i t rogen  i n  the  thennogravimetric apparatus  are recycled under n i t rogen  

t h e r e  is no evidence of f u r t h e r  condensations of any kind as ind ica ted  by 

t h e  s u b s t a n t i a l l y  l i n e a r  p l o t  of weight versus  temperature i n  each curve 2 
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of the  thermograms of appendix numbers 34 t o  49, and 51 t o  54 inc lus ive .  

This means t h a t  by p r e t r e a t i n g  the polymers i n  an i n e r t  atmosphere a t  t em-  

pera tures  i n  excess of 8OO0C, for example, i n  the  range of 800-llOO°C, a 

polymer is  obtained which shows hea t  s t a b i l i t y  i n  n i t rogen  or i n e r t  atmos- 

phere t o  1176°C. A t  t he  present t i m e ,  it is no t  known whether o r  no t  the 

n i t rogen  reacts with the  polymers a t  these  temperatures.  

intended i n  fu tu re  research to evaluate  helium as t h e  i n e r t  atmosphere rela- 

t i v e  t o  n i t rogen ,  and t o  perform some of t h e  thermograms a t  reduced pressures ;  

Accordingly it is 

(10) When any o r  a l l  of t h e  polymers which have been heated t o  1176°C 

i n  n i t rogen  i n  the  thermogravimetric apparatus  are recycled i n  a i r  as shown 

i n  each C U T V ~  3 of the  thermograms of appendix numbers 34 t o  49 and 51-53 

inc lus ive ,  a l l  showed hea t  s tabi l i t ies  i n - a i r  i n  excess  of 500°C with..a 

spread i n  temperature range of 500-6OO0C. Two polymers, t he  meta-polymer 

DA-37 -1 3-11600 (Appendix No. 39) and the  para-polymer, DA-37 -15-H600 (Appendix 

No. 41) showed remarkable s t a b i l i t y  t o  600°C (1112'F) i n  a i r .  This is in-  

terpreted t o  mean t h a t  if the polycondensations are complete, as they must 

be a t  the temperature used i n  the preheat ing,  t h a t  the  meta- and para-  

polymers are s u b s t a n t i a l l y  iden t i ca l  and t h a t  when benza lan i l ine  is used 

as a so lvent ,  a s  i t  was i n  DA-37-15-H600, it is s u b s t a n t i a l l y  e l iminated 

even as telomerized end groups; 

(11) When the  polymer i s  meant f o r  use i n  a i r ,  t h e r e  i s  only a d i f f e r -  

ence of about 50°C i n  the  hea t  s t a b i l i t y  of a polymer condensed t o  a t e m -  

pe ra tu re  i n  t h e  reg ion  of 600°C (or t o  some s l i g h t l y  higher  temperature t o  

be  chosen a f t e r  more s t u d i e s ,  for  example, 750-800°C) and one condensed t o  

1176°C. Whereas, i f  use is  intended f o r  the  polymers i n  an  i n e r t  atmosphere 

t o  temperatures i n  excess of 600"C, the  polycondensation should be performed 

t o  temperatures of t he  order  of 8OOOC o r  higher .  
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(12) The yellow brick-dust polymers have lower heat resistance in 

nitrogen and air than the black polymers, even after postheating in nitro- 

gen twice to 1176°C; 

(13) The polymers prepared from p-xylylidenetetra-n-butyl ether and 

the m- or p-phenylenediamines or their dibenzylidene derivative appear to 

be identical, except for end groups, t o  the polymeric Schiff bases prepared 

by Schiff base exchange reactions. 

V. Summary and Conclusions. 

1-3 

1. Black polymeric Schiff bases which pass through a fusible stage 

can be made from p-xylylidenetetra-n-butyl ether and either m- or 

p-phenylenediamine or their dibenzylidene derivates in the absence 

or presence of benzalaniline as a solvent. 

the resulting polymers are not great. 

2. The synthesis of the Schiff base polymers is smoother with m- 

Differences between 

phenylenediamine and its dibenzylidene derivative than from p- 

phenylenediamine and its benzylidene derivative. 

phenylenediamine is much lower than the para compound and its use 

is preferred and recommended. 

The cost of m- 

3. The polymers prepared from m-phenylenediamine and xylylidenetetra- 

n-butyl ether have heat-resistant properties at least as good as 

those prepared from p-phenylenediamine. 

4. Polymers condensed to temperatures of 425°C to 600°C show a heat 

resistance in air of 525-55OoC. This temperature range appears 

to be the region in which combustion of the by-products of con- 

densation begin to burn. 

5 .  Polymers condensed at temperatures to 1176°C show heat resistance 

in air of 600°C (1112°F). This appears to be the temperature 
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V I .  

region i n  which combustion of the polymer occurs.  

6. Polymers condensed t o  a temperature of 1176OC (2026'F) show a 

hea t  r e s i s t a n c e  i n  ni t rogen of about 1176°C (2026°F). 

7.  The experimental work points  t o  o the r  needed a reas  of study. 

Future Research. 

1. Es tab l i sh  the  b e s t  overal l  condi t ions f o r  the  condensation 

polymerization of p-xylylidenetetra-n-butyl e t h e r  with m- 

phenylenediamine within the  following r eac t ion  parameters: 

a )  without and with ZnC12 c a t a l y s i s  

b) without and with benzalani l ine as a so lvent  

c)  e s t a b l i s h  temperature range of r eac t ion  

d) e s t a b l i s h  t i m e  l i m i t s  of reac t ion .  

2. Compare the  behavior of p-xylylidenetetra-n-butyl e t h e r  with 

a )  p-xylyl idenetetraethyl  e t h e r  

b) t h e  p-xylylidenetetrapropyl e t h e r s .  

3. Perform k i n e t i c  s tud ies  t o  determine r a t e s  of reac t ions  on 

se l ec t ed  polymers obtained under V I . l  and V I . 2 .  

4. Perform d i f f e r e n t i a l  thermal analyses  on se l ec t ed  polymers 

obtained under V I . l  and VI.2. 

5 .  Study the  postheat ing t o  the  region of 800°C t o  1000°C of 

polymers prepared t o  temperatures of about 600°C t o  determine 

what changes occur i n  the  polymers, by 

a)  changes i n  the  I R  spec t ra  of the  polymers 

b) mass-spectra analyses of by-products of reac t ions .  

6 .  Determine bes t  po in t  i n  the  polymerization a t  which t h e  f u s i b l e  

polymer should be i so l a t ed  fo r  conversion t o  i n f u s i b l e  condi t ion 
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a) eva lua te  use of Lewis a c i d  i n  the  process of conversion t o  

in fus  i b i l  i t y  . 
7. Undertake appropr ia te  physical s t u d i e s  involving t h e  following 

s o l i d  s t a t e  p rope r t i e s  of s e l ec t ed  polymers and t o  c o r r e l a t e  

these  p rope r t i e s  by 

a)  semi-conductor measurements as a funct ion of temperature 

and conformance t o  Ohm's law. 

b) e l ec t ron  sp in  resonance measurements a s  a funct ion of tem- 

pera ture  and r e l a t ionsh ip  t o  number of f r e e  e l ec t rons  t o  

conduct ivi ty .  

c) Heat capaci ty  measurements as a func t ion  of temperature f o r  

c o r r e l a t i o n  t o  conductivity and ESR. 
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VIII. Glossary. 

. 

XTBE 

PDA 

ME'DA 

PPDA 

BA 

DBMPD 

DBPPD 
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